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In recent years there has been an increasing
interest in studying the effects of variation in early
experience upon later development and behavior.

The

studies have dealt with a wide range of both indepen
dent and dependent variables in several research areas.
The present study is concerned with the effects of early
experience upon two measures of "emotionality".
Recent studies have indicated a number of biochemi
cal correlates of behavior which may be altered by
particular manipulations of an organism's early
environment.

Ader (1965), using undisturbed, handled,

and shocked white rats, demonstrated a gradation in
susceptability to gastric erosions produced by immobili
zation and isolation.

A later study by Essman and

Erisone (1966) supported Ader's findings.
Davenport, Menzel, and Rogers (1966) found a
significant retardation in weight gain in young chimpan
zees subjected to severe isolation.

A study by Boyles

(1965 ) demonstrated differential cardiac responsivity
between enriched environment and restricted environ
ment groups.

In that study greater heart rate change

in response to novel stimuli was demonstrated on the
part of the restricted environment group.
One physiological measure which has recently gained
considerable attention in relation to early experience
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studies is the adrenocortico response.

In a handling

study carried out by Levine (1967), a significant reduc
tion in levels of adrenocortico steroids in the blood
plasma of rats was obtained for handled animals as
compared to the nonhandled controls.

Measurements of

steroid levels were taken after exposure to novel
stimuli, defined by Levine as a stress situation.
Despite the fairly large and rapidly increasing
physiological literature, the principle concentration
of early experience study has been to set forth behavio
ral correlates to early environmental manipulations.
A second group of studies have concentrated upon
behavioral measures of the effects of introducing
various stimuli into the early environment.

These

studies have explored the effects of electric shock
(Dennenberg, 1964; Henderson, 1967), temperature varia
tions (Hutchings, 1965), handling (Levine, 1957;
Dennenberg and Whimbey, 1963), and variations in visual
(Gamboni, 1964), auditory (Spence and Maher, 1962),
and olfactory stimuli (Marr and Gardner, 1965)•

The

behavioral measures used in assessing the effects of
these stimuli include learning tasks, principally
avoidance learning (Dennenberg and Smith, 1963), change
in sexual behavior (Folman and Dori, 1965), reactions
to stress (Hahn, 1964; Knight, 1962), and an extensive
assemblage of behavior labeled "emotional".
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A somewhat different approach, has consisted of
studies designed to observe the effects of removal or
elimination of particular stimuli upon later behaviors.
This area has included the studies often classified as
deprivational and usually consists of maternal depriva
tion or social isolation.

Studies by Harlow (1965),

and Harlow, Mitchell, Raymond, and Ruppenthal (1966)
have demonstrated effects of early isolation from
social contact or removal from the mother upon several
types of behavior in monkeys.

Similar results have

been obtained in studies with rats (Reynolds, 1963).
This study demonstrated a significant decrement in
performance of an escape task in socially isolated rats
compared to nonisolated animals.

Several other types

of learning behavior have also been shown to be effected
by early isolation (Hitt and Gerall, 1966).
Specifying behavioral generalizations on the basis
of these data resulting from such a heterogeneous
collection of independent and dependent variables is
extremely difficult, and those that have been attempted
are usually quite cautious.

The endeavor of one

unifying theory is to relate the various oehavioral
effects to the relative amounts of early stimulation,
regardless of the mode of that stimulation.

An example

of such an attempted theory is that of Dennenberg (1964-)
in regard to emotionality or emotional reactivity.
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The

central hypothesis is that emotional reactivity is
reduced as a function of increased amounts of stimulus
input in infancy.

The two most common modes of stimula

tion employed in the Dennenberg studies are handling '
and electric shock, although other authors (Spence and
Maher, 1962) have added different stimulation methods
which also tend to fit the Dennenberg hypothesis.
One of the major problems confronting all of these
researchers has been the measurement of the effects of
the stimulus input in terms of "emotionality".
There are four general techniques used in the
assessment of emotionality.

One appearing very fre

quently in the literature is the open-field test.
Using this method,

several behaviors considered to be

indicative of emotionality are recorded within a
specified environment.

Although the definition of

emotional behavior or "emotionality" is a perplexing
and often confounding task, considered on an operational
basis, the open-field procedure finds a certain degree
of utility.

One problem is that the test is unspecific

and may include such measures as defecation, urination,
crouching, emergence into the field, exploration within
the field or several other designations, which are not
always correlated.
A second measurement is based on an assumed correla
tion between emotionality and consummatory behavior,
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principally water consumption (Spence and Maher, 1962;
Levine, 1957)*

These studies have typically indicated

that "enriched" or stimulated subjects consume more
water after deprivation than do nondisturbed animals.
The hypothesis that has resulted from these studies is
that the novel stimulus of water deprivation causes
emotional responses which interfer with drinking.
A third method of evaluation concerns escape and
avoidance learning which many investigators consider
to be motivated by emotional concomitants.

The effects

of emotionality within these paradigms, however, is not
completely understood.

In a study by Baron, Brookshire,

and Litman (1957)? rats given 1.25 milliamperes of
electric shock continuously for three minutes on Days

20 and 21 were better escape and avoidance learners in
adulthood than controls.

However, Dennenberg and Smith

( 1965 ) showed an impairment of avoidance learning in
early stimulated subjects.

One hypothesis attributed

differences in results to variations in amount of prior
stimulation (Dennenberg and Smith, 1965).
A fourth technique is based upon the Estes-Skinner
(1941) conditioned suppression procedure.

In this

procedure, suppression of an ongoing operant behavior
is obtained by superimposing on this baseline a condi
tioned stimulus which had previously been paired with
an aversive event.
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One interpretation is that the suppression effect
observed results from the incompatable emotional
responses produced by the shock (Kamin, 1965).

These

responses include the so-called unconditioned responses
such as increased heart rate, vaso constriction,
decreased gastric secretion, increased respiratory rate,
increased blood flow and blood hormone levels (Kamin,
1965; Stebbins and Smith, 1964-; Hunt and Brady, 1951).
The hypothesis is that these respondents may interfer
with ongoing operant responses resulting in the reduc
tion in rate of that operant.

The severity of suppres

sion provides an inferential statement about the degree
of autonomic emotional or stress responses.
The interference interpretation does not stand
without question, however; and recently an alternate
interpretation of the conditioned suppression phenomenon
has been provided in terms of a delay of punishment
gradient rather than emotional interference (Lyon, 1968)
Nevertheless, it remains a fact that conditioned suppres
sion has been employed as a stable and easily manipulatable tool for studying behavior.

It seems reasonable

that this tool might readily be applied in the early
experience emotionality studies in a search for finer
quantification of the phenomena being observed.
The complexity of the evaluation of early experi
ence is compounded by additional data suggesting that
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early experience designs must take into consideration
the possible existence of certain critical periods of
development which influence the effects of particular
environmental manipulations upon later behavior.
Specifically, in regard to the stimulus input emotiona
lity hypothesis,

several authors have reported variable

effects of early stimulation upon later behavior as a
function of the point in the development of the organism
at which stimulation is applied (Dennenberg and Bell,
I960; Levine and Lewis, 1959)-

There is still a ques

tion as to whether those effects observed can be
attributed solely to a function of age (Dennenberg,
1964).

However, there are sufficient indications so

that it does not seem feasible to ignore the possibility
of a critical period phenomenon in designing a relevant
experiment.
Studies working under a critical period assumption
have asserted the importance of preweaning stimulation
in studying emotional behavior (Beach and Jaynes, 1954-;
Dennenberg and Bell, I960).

Consequently,

such studies

have attested to and demonstrated the significance of
preweaning, independent variable manipulations.

Ironi

cally, a lack of early environmental control, excluding
the independent variable, has typically been accepted
as an unavoidable evil or ignored altogether.
seems at least incongruent.

This

The major hindrance to
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establishing an early controlled environment has been a
technical one.

Rat pups are totally dependent for a

period of approximately 21 days after birth.
of nutrition,

Problems

elimination, temperature and humidity

regulation are maternally dependent during that period.
The technical problem has been to replace these maternal
controls with experimenter substitutes.

Prior to this

study at least three research facilities have been
engaged in developing an efficient, maximally productive
hand-rearing process for albino rat pups.

The Upjohn

Company of Kalamazoo has been using hand-rearing as a
means of obtaining germ-free animals for use in drug
research.

Pleasants (1959) at Nortre Dame has also

employed hand-rearing as a tool in obtaining germ-free
animals.

Pleasants has also extended techniques to the

rearing of rabbits and mice.

The only presently exist

ing behavioral study involving hand-rearing is the work
of Arnold and Thoman (1968) investigating effects of
early social deprivation on later maternal behavior.
The present study investigated specified early
environmental manipulations on later behavior in the
open-field and under a conditioned suppression paradigm.
The central point of departure was Dennenberg's hypo
thesis relating amount of stimulation to emotionality.
Some problems seem to evolve from the lack of preweaning
environmental control in previous work.

By utilizing
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a technique for hand-rearing, a certain degree of control
on that early environment was provided.

However, the

nature of the Dennenberg hypothesis makes it difficult
to predict the effects of the rearing procedure on
emotionality.

The incubator condition provides isola

tion which should reduce amount of stimulation received
by the organism.

At the same time the somewhat drastic

procedures of forced feeding may supply stimulus imput
so intense as to nullify or surpass the isolation effects
The present effort attempted to demonstrate the
effects of the differential rearing conditions on the
open-field test and to relate those effects to perfor
mance under the conditioned suppression paradigm.

The

open-field procedure was employed out of convention
with existing literature.

No attempt was made to dis

prove or substantiate its validity.
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1C
METHOD

Subj ec ts ,.
Hand-reared.

Sixteen albino rats (eight males and

eight females) were separated from their mothers at
approximately 72 hours after birth.

Within 24 hours

after birth, the litters from which these pups were
obtained were thinned to six pups per litter to allow
maximal nutritional benefit from the 72 -hour period
spent with the mother.
Mother-reared.

Ten other pups were left with their

mothers in two litters of five pups per litter.

These

subjects were weaned at 21 days and housed together in
groups of five until 60 days of age.

At 60 days, eight

of these subjects were separated into individual cages.
After the sixtieth day, treatment conditions were
the same for all subjects.

The parents of all subjects

were obtained from the Upjohn Company laboratories.

A pparatus.
The apparatus employed in the hand-rearing proce
dure included a water-bath incubator, a Gilmont 2.0 ml.
micrometer syringe calibrated to .01 ml.,'*' and a
specially designed nipple

2

for injection of the formula

^Gilmont 2.0 ml. micrometer syringe, Cole-Parmer
Instrument and Equipment Company, 7330 North Clark Street,
Chicago, Illinois.

2

Infant rodent feeder, R. E. Darling Company, 16021
Industrial Drive, Gaithersburg, Maryland.
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11
into the pups'

stomachs.

Figures 1 and 2 show the

incubator setting and the syringe apparatus for deliver
ing the formula.
The water-bath incubator consisted of a 72" x 12"
x 12" tank partially filled with water.

Thirty-six 3" x

5 " x 4" compartments were placed in the tank about 2
inches above the water line.

The floor of the compart

ments was a fine screen covered with Houseboys (a heavy
paper toweling type of material).

The floor of each
x
compartment was also covered with SAN-I-CEI/ bedding

material.

Previous studies in this laboratory have

shown this type of bedding material to aid in keeping
the incubator animals clean and to correlate with
higher survival rate.
Temperature in the incubator was maintained between
85° and 90°F by a thermostatically controlled water
heater.

The water was circulated by use of a March,

Model 10 water pump to keep the temperature even
throughout the incubator.
The early experience shock was supplied by a
variable transformer, a step-up transformer, and a

2.25 megohm resistor wired in series with the animal.
This provided a constant current of .25 ma RMS.

The

shock was delivered to the animal in a 7" x 5" x 6 "
x
SAN-I-CEL laboratory animal bedding, Laurel Farms
Paxton Processing Company, Inc., White House Station,
New Jersey.
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Figure 1.

Water-bath incubator.
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Figure 2.

Micrometer syringe and nipple.
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14plexiglass box with a grid floor.
The testing at 60 days involved the open-field
apparatus consisting of a 4-5" x 45" x 18" plywood box.
The entire field was painted flat black with the excep
tion of 1/4" white strips dividing the floor into 9" x

9 " squares.
The establishment of a stable baseline response
rate and the suppression conditioning and extinction
were carried out in a standard Skinner box.

The box

was programmed by a BRS M-SP unit and tape programmer
to deliver 45 mg. Noyes pellets on a variable interval

2-minute schedule.

The shock was supplied to the

grid floor of the chamber via a BRS generator-scrambler.
The conditioned stimulus was a tone supplied by a
Sonalert unit mounted in the chamber.
Proc e du re .
Hand-rearing.

Within 24 hours after birth, six

litters of rat pups were thinned to six pups per litter,
three males and three females in each litter.

The

thinning was performed to insure maximal nutritional
advantage for the time the pups were with the mothers.
All pups were removed from the mothers and placed in
individual compartments in the incubator at approximately

72 hours after birth.
On Days 4 through 9 the pups were nipple fed every
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15
4 hours.

The feeding was carried out by inserting the

specially designed nipple down the esophagus into the
stomach.

Corn oil was used on the nipple to facilitate

its insertion.

After proper placement, the formula was

injected by means of the micrometer syringe, and the
nipple was withdrawn.

The injection of the formula was

usually accomplished within 5 to 10 seconds after inser
tion.

Figures 3 and 4 show the positioning of the pup

and the insertion of the nipple during the feeding
procedure.

Initially, the insertion of the nipple was

a difficult and tedious task.

Within 3 to 4 days,

however, the animals adapted to the nipple and actively
swallowed it making insertion much easier.

After each

feeding, the pups were stimulated anally using; a brush
dipped in corn oil.

This insured regular urination and

defecation.
The dosages were begun at .30 ml. on Day 4 and
increased by .05 each 24 hours thereafter.

The

formula used was developed by the Upjohn Company
Z4.
specifically for rearing rat pups.
It was kept under
refrigeration and then heated to body temperature before
injection.
^Formula:
108 gms. Esbilac, 1.2 gms. Dextrose,
0.6 gms. DL Methionine, 1.2 cc Zymatinic drops, 0.6 cc
Zyma drops, 75 USP units of Tocopherols (Vitamin E)
and 3 volumes of distilled water.
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Figure 3*

Positioning of the pup for hand-feeding.
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Figure 4.

Pup with nipple inserted during feeding
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Early Experience Treatments.

On the eleventh

through the twentieth day, three pups from each litter
were placed in the shock chamber and subjected to

3 minutes of .25 millamperes of continuous current
each day.

The shock was administered at one of the

normal feeding times, that particular feeding being
eliminated after the tenth day.

The remaining incubator

pups (the nonshock group) were also placed in the shock
chamber 3 minutes each day, but no shock was delivered.
On the sixteenth day, nipple feeding was discon
tinued and a mixture of formula and Gerber's Egg Yolks
was placed in the compartments for ad-lib. feeding.
Nipple feeding was only used thereafter when a pup
showed a significant weight loss.
All pups meeting a weight criterion of 20 grams on
Day 22 were removed from the incubator and placed in
individual breeding cages with SAN-I-CEL covered floors.
Water and Wayne LAB-BLOX were available ad lib.

In

cases where pups did not continue to show weight gains,
a supplementary diet of the formula and egg was placed
in the cages every 12 hours.

Pups not reaching the

20-gram criterion remained in the incubator until that
criterion was reached.
Open-Eield Tests.

At 60 days eight subjects

(four males and four females) from the nonshock group,
eight others (four males and four females) from the
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early shock group, and the eight mother-reared pups
(four males and four females) were all tested for
4 consecutive days in the open-field apparatus.

The

measurements recorded were, number of defecations,
level of exploration, and latency of exploration.
The level of exploration was measured in terms of the
total number of squares entered by the animal.

The

latency of exploration represents the time from lifting
the starting box until the subject enters the first
square.

On each of the 4 days, the subjects were

placed in an enclosed corner of the field.

After 10

seconds the enclosure was

lifted and the subjects

remained in the field for

3 minutes.

Conditioned Suppression Procedure*

At seventy-

five days of age, all subjects were deprived and shaped
to press a bar for food.

After shaping the subjects

were placed on a VI 2-minute schedule.
were run on this schedule

Thesubjects

for a total of 10

hours in

2-hour sessions to stabilize the baseline responding.
Since the subjects were not fully grown when deprivation
was initiated, an hourly schedule of deprivation was
employed rather than reducing them to a specified per
cent ad-lib. feeding weight, which could have inhibited
normal growth.

The subjects were regularly maintained

on a 2-hour feeding, 22-hour deprivation rhythm.
Upon completion of the 10 hours of baseline

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

20
responding, the suppression procedure was inaugurated.
All subjects underwent three 2-hour conditioning sessions.
During each session ten CS-UCS presentations were made.
The CS was a tone lasting for 2 minutes, terminating
coincidentally with a .035 Watt constant-power shock of
•5-second duration.

An intertrial interval of 10

minutes separated each of the CS-UCS presentations.
Immediately following the three suppression condi
tioning trials, a suppression-extinction procedure was
initiated.

It differed from the conditioning procedure

in that no shock was delivered at CS offset.

All sub

jects underwent two 2 -hour sessions totaling 20
presentations of the tone during the extinction
procedure.
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RESULTS
The results of the 4 days of testing in the open
field are shown, in Figures 5 through 8 .

Figure 5 shows

the mean latencies of leaving the starting square for
each group on testing Lays 1 through 4.

Although all

three grours showed aprroximately equal latencies on
Day 1, Loth of the incubator-reared groups showed an
over-all decrease in time spent in the starting square
over the next three sessions.

The mother-reared group,

however, showed a continual increase in latency on each
of the 3 succeeding days.

A comparison of the

difference between the mean latencies of the MR (motherreared) group and the IR-S (incubator-reared with early
shock) group on Day 4 yielded a t-ratio = 6 .CO at 13 df,
p less than

.01.

The comparison of the MR group with

the IR-NS (incubator-reared without early shock) group
yielded a t-value = 1.79 at 12 df, p less than. .10.

The

difference between the means of the two IR groups
yielded a t-value with p greater than

.1 0 .

From a behavioral observation standpoint, differ
ences in time spent in the starting square were readily
apparent.

On four occasions during testing, MR subjects

failed to leave the starting square during the entire
session.

In the IR groups by comparison,

the longest

time spent in the starting square by any one subject was
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Mean latency, in seconds, of the subjects in each group during the
four days of open-field testing.
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one-third of the session.
The exploration measure, of the number of squares
entered during a session, was inversely related to
latency.

Over the 4 days of testing, both IR groups

showed an over-all increase in the amount of exploration
from Ray 1 to Ray 4, while the MR group showed an over
all decrease during the same period,

figure 6 shows

the mean number of squares entered by each group on the
4 test days.
The IR-S group demonstrated the highest level of
exploration.

A comparison of the differences between

the mean exploration score for the four sessions for
the IR-S and MR groups yielded a t-ratio = 2.30 at 13 df,
p less than

.05 .

A comparison of the differences

between the means for the IR-S group and the IR-KS
group yielded a t-ratio = 1.95 at 13 df, p less than
.10.

A t-test comparison on Ray 4, however, between

MR and IR-S groups yielded a t-value = 3*02 at 13 df,
p less than

.01.

The same time comparison between

MR and IR-NS groups yielded a t-ratio = 1.78 at 12 df,
p less than

.10.

The fourth day comparison of the

difference between the mean exploration scores of the
two IR groups resulted in a t-value with p greater than

. 10 .
Observation of the exploratory behavior also
revealed differences in the characteristic pattern of
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the behavior.

'The IR groups typically engaged in a

fairly constant rate of movement in the field.

This

was in definite contrast to the sporadic movement of
the MR subjects.

The MR animals would often race

from one corner of the field to the other and then
spend a good deal of time in that corner before running
to the next corner.

When movement did occur in the

MR group, it was very rapid but was followed by long
periods of no movement at all.
Figure 7 shows the mean number of defecations for
each group on each of the 4- days of testing.

Frior

to the beginning of open-field testing, baseline defeca
tion rates were taken for all subjects.

All three

groups had a mean of approximately 30 boluses per day
with no significant differences existing between the
means of the three groups.

With a baseline defecation

rate of a little more than one bolus per hour, it would
not be surprising to record no defecation during a
3-minute period.

Over all four sessions, neither of th.

IR groups defecated in the field.

The MR group had a

mean defecation of 2.9 boluses per session over the
four sessions.

Three of the MR subjects averaged

between seven and nine boluses per session.
A t-test comparison of mean defecation rates of
the MR group with both the IR-S and IR-NS groups
yielded t-ratios = 2.76 and 2.78, respectively.

In
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both cases p is less than

.02 .

The data from the conditioning and extinction of
the suppression are shown in Figure 8 .

The data are

presented in the form of suppression ratios.

The ratios

were calculated by dividing the response rate per
minute during the conditioned stimulus by the response
rate in the absence of this stimulus.

A suppression

ratio of 1.C0 would, indicate no suppression, while a
ratio of .00 would represent complete elimination of the
response during the CS.
The development of the suppression can be seen in
the three conditioning trials.

After determining the

neutral stimulus qualities of the CS prior to pairing
with shock, each conditioning trial resulted in a
marked decrease in the responding during the CS.

The

amount of this decrease differed for each group and
at the completion of three sessions, the MR group
showed the least suppression, followed by the IR-S
group and then the IR-NS group showing the greatest
degree of suppression.
T-test comparisons of the differences between the
mean suppression ratios after the third conditioning
session yielded:
p less than
greater than
p less than

MR to IR-NS, t-ratio = 2.51 at 12 df,

.05; MR to IR-S, t = 1.10 at 13 df, p
.10, and IR-S to IR-NS, t = 1.92 at 13 df,
.10 .
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The removal of the shock component during the
extinction phase lead to a recovery of the responding
during the CS in. all groups.

The less the suppression

developed during the conditioning phase, the more
closely the group approximated complete extinction of
the suppression during the two extinction trials.
During the first extinction trial the MR and IR-S
groups showed approximately equal rates of recovery
from the suppression.

The rate of extinction of the

IR-NS group was notably lower.

After the first extinc

tion trial, a MR and IR-S comparison yielded a t-value
greater than .10, but a comparison of the MR and IR-S
groups to the IR-NS group resulted in t-ratios of 2.83,
p less than .02 , and 2.28, p less than .0 5 , respectively.
The final extinction trial showed a marked increase
in the rate of extinction for the IR-NS group while the
IR-S group leveled off somewhat, and the MR group ma in
tained approximately the same rate.

Completion of the

second extinction trial showed the mean suppression
ratios of the IR-S and IR-NS groups to differ from the
MR group with t-value of 1.95, P less than .10 and 3.24,
p less than .01 , respectively.

The difference between

the mean suppression ratios of the two IR groups resulted
in a t-value with p greater than .10 .
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DISCUSSION

The results obtained in this study were contrary
to expectation, if the incubator-rearing environment is
considered in the traditional isolation or deprivational
classification.

Typically an isolation or deprivation

situation has resulted in higher open-field latency and
defecation and lower exploration than a normal-rearing
environment.

The open-field scores obtained in the

present study, for the incubator-reared groups, were
lower than the mother-reared animals on both latency and
defecation and were higher on exploration.

In terms of

the "emotionality" interpretation of open-field behavior
the incubator-reared subjects would be considered less
"emotional" than their mother-reared litter mates.

To

interpret these data in terms of Dennenberg's hypothesis
that increased stimulation results in less emotionality,
the incubator condition with the hand-feeding procedure
must be regarded as providing higher levels of stimulus
imput to the organism than does the mother-rearing
condition.
As was mentioned earlier, conditioned suppression
has recently become the object of a good deal of inter
est and discussion regarding an interpretation of the
phenomenon.

The interference interpretation set forth

by Kamin (1965) and several other investigators would
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suggest the possibility of a correlation between suppres
sion and-other indicators of emotional behaviors.

The

open-field test is one measure which lends its inter
pretation well to a comparison with an "emotional"
interpretation of the suppression phenomenon.

The

open-field measures of exploration and latency are
assumed to reflect degrees or levels of the emotional
states of the subjects.

The specification of higher

emotional states being reflected in longer latencies
and less exploration are accounted for in terms of an
interference hypothesis.

In many ways then, the reduc

tion of behavior in the open field and in the suppression
procedure would appear to reflect a similar process.
The hypothesis based on an interference interpreta
tion of conditioned suppression might predict that
those animals developing high "emotional levels" in the
open field might also be more emotional in the suppres
sion or conditioned emotional response situation.

If

the suppression of responding were a function of emo
tional interference, it would be expected that higher
emotional levels would produce greater interference and
greater suppression of the behavior in consideration.
The interference hypothesis was not confirmed in
the present study.

During both the conditioning and

extinction phases of the suppression procedure, the MR
group, which according to the open-field test, would be
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defined as the most emotional group, showed the least
suppression of the appetitive reinforced responding.
Also the IR-NS group, which scored at a higher emotional
level in several open-field comparisons than did the
IR-S group, demonstrated less suppression than did the
IR-S subjects.

The results then are exactly reversed

from the prediction on the basis of an emotional inter
pretation of conditioned suppression.
The conclusions indicated by the present study
are in the form of negative evidence,

since they do not

seem to support the "interfering responses" or "emotional"
interpretation of conditioned suppression.

No direct

support is gained for a specific alternate interpreta
tion; and with specific reference to the punishment
interpretation, the hypothesis is still left open with
neither direct support nor opposition coming from these
data.

Fairly recent work by Gohen (196?) and an earlier

study by Annau and Kamin (1961) have, however, given
some support to the punishment interpretation in study
ing intensity and delay functions of the unconditioned
stimulus.
The findings of the present study, in demonstrating
a significant effect of early experience upon the
conditioned suppression phenomenon,

suggest the possibi

lity of the application of early experience research as
a tool in dealing with the dual interpretation of
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suppression.

Specific applications of the findings are

yet to be determined, but a comparison of the effects
of early experience manipulations upon suppression and
punishment may yield some insight into the problem.
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34SUMMRY
Two groups of rat pups were removed from their
mothers within 72 hours after birth and hand-reared until
weaning.

All hand-reared animals were housed in indivi

dual compartments of a incubator prior to weaning.

One

group was submitted to 3 minutes of foot shock on
Days 11 through 20.

A third group of subjects was

normally-reared by the mother in litters of five pups
per litter.

These subjects were weaned at 21 days and

reared in groups of five until 60 days of age.
All subjects received open-field testing followed
by the conditioning and extinction of conditioned
suppression of a response maintained on a 2 minute
variable-interval baseline schedule.
Hand-reared, shocked animals showed the highest
exploration and lowest defecation and latency scores
in the open field.

The mother-reared subjects demon

strated the lowest exploration and highest latency
and defecation scores, with the hand-reared, nonshocked
group lying in between.
Suppression ratios were highest for the motherreared group followed by the hand-reared, shocked, and
finally the hand-reared, nonshocked group.

The order

of suppression ratios was the same for extinction as
for conditioning.
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The open-field data are interpreted in terms of
the Dennenberg hypothesis relating amount of stimulus
imput to levels of "emotionality".

The "emotionality"

levels, as defined by the open-field procedure, were
negatively correlated with the degree of suppression.
No support was found for the interference interpretation
of conditioned suppression, and no attempt was made to
generalize the data to an alternate interpretation.
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All I?’BIX
The development of t^e hand-rearing technique was
a long and tedious process.

On several of the early

attempts, ICC per cent mortality rates were experienced.
The initial high mortality rates seem to have been the
result of several interacting factors.
The physical problem of getting food into the new
born animal's stomach was the first hurdle.

Post

mortems revealed ruptures of the esophagus and stomach
in several of the early fatalities.

It appeared that

the ruptures may have been the result of puncture with,
the n.irrle by improper insertion,

or Injection of

excessive dosages of formula.
This problem was overcome by a few technique and
technical developments and. adaptations.

First of all,

the acquiring of shill in inserting the nipple on the
part of the feeders had s marked improvement on survival
It was also found that lubricating the nipple with corn
oil

facilitated the insertion process.

Insertion was

also accomplished more easily when the syringe was
mounted on a ring stand; and instead of moving the
nipple into the animal, the pup was moved onto the
niprle.

This seemed to allow the pup to more actively

Ingest the nipple.
The development of proper dosage-increase rates
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also proved to be critical.

It was found that, using

a 4-hour feeding schedule, the

.05 ml. daily increase

provided adequate nutrition without excessively distend
ing the p u p s 1 stomachs at feeding time.
The problem of spitting up during or immediately
after feeding was never totally eliminated.

It was

found that typically there was a period between 5 and

8 days of age when spitting was most prevalent.
Although no permanent detrimental effects were corre
lated with the spitting, in some cases of excessive
spitting, the formula was inhaled into the lungs.

If

this occurred repeatedly, the animal often died of
pneumonia.
Another regular trouble spot was the period from
10 to 15 days of age.

During this time the pups

regularly developed severe diarrhea.

Immediate admini

stration of 5*0 mg. of tetracycline in 100 cc of
formula proved effective in eliminating the diarrhea.
The subjects used in the present study were taken
from an original starting group of thirty-six pups.
Twenty-nine of them survived to 60 days of age.

Only

one pup was lost during the hand-feeding procedure,
and one other died during the beginning of self-feeding
while still in the incubator.

The other five animals

were lost during a 3 to 5 -day period after removal from
the incubator.

Specific cause of death was not determined.
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The growth and development of the IR animals
showed some

marked contrasts with that of their MR

litter mates.

The rate of weight gain, was much slower

on the pert

of the IR animals.

At 10 days of age the

mean weight

of the IR pups was 11.2 g.

The mean weight

of the MR animals at the same age was 20.9 g.

By 15

days the mean weight of the MR animals rose to 28.2 g.
while the IR animals attained a mean weight of 13.2 g.
Figures 9 and 10 show MR and IR pups at 15 days of age.
Mother-reared pups were also superior in growth of fur
and opened their eyes earlier than did the IR animals.
These very notable differences were eliminated, however,
by the time all subjects had reached 60 days of age
and the beginning of testing procedures.
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Figure 9*

Mother-reared pup at 15 days of age.
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Figure 10.

Incubator-reared pup at 15 days of age.
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